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Climate﻿change﻿ is﻿ taken﻿ into﻿consideration﻿by﻿using﻿data﻿ for﻿water﻿cost﻿as﻿a﻿proxy﻿
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and﻿ the﻿ observation﻿ of﻿ the﻿ trends﻿ in﻿ consecutive﻿ years﻿ contribute﻿ to﻿ the﻿ design﻿






















In﻿ the﻿ case﻿ of﻿ the﻿ East﻿ Anglian﻿ River﻿ Basin﻿ Catchment﻿ (EARBC),﻿ increased﻿












systems.﻿ In﻿ addition,﻿ according﻿ to﻿Gadanakis,﻿Bennett,﻿Park,﻿ and﻿Areal﻿ (2015),﻿SI﻿
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Agricultural﻿ productivity﻿ depends﻿ on﻿ the﻿ ability﻿ of﻿ the﻿ farmer﻿ to﻿ take﻿ actions﻿
and﻿ develop﻿ strategies﻿ that﻿ contribute﻿ to﻿ the﻿ development﻿ of﻿ the﻿ farming﻿ system’s﻿
adaptive﻿capacity﻿towards﻿extreme﻿weather﻿phenomena﻿and﻿long-term﻿adverse﻿climatic﻿
conditions﻿ (Campbell,﻿ Thornton,﻿ Zougmoré,﻿ van﻿Asten,﻿&﻿ Lipper,﻿ 2014).﻿ This﻿ is﻿





global﻿ technology﻿ of﻿ the﻿ farming﻿ systems﻿ and﻿ therefore﻿will﻿ direct﻿ policy﻿makers﻿






















of﻿ the﻿Laspeyres﻿and﻿Paache﻿ indices.﻿Thirtle,﻿Piesse,﻿and﻿Schimmelpfennig﻿ (2008)﻿
provided﻿a﻿TFP﻿in﻿UK﻿agriculture﻿from﻿1995-2005﻿based﻿on﻿a﻿Tornqvist-Theil﻿TFP﻿
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throughout﻿ the﻿ period.﻿English﻿ and﻿Welsh﻿ general﻿ cropping﻿ farms﻿ have﻿ a﻿ reported﻿
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cash﻿crops﻿are﻿ sensitive﻿ to﻿pests﻿ and﻿diseases﻿outbreaks,﻿ crop﻿protection﻿costs﻿ and﻿




Table 1. Summary of Total Factor Productivity studies in the UK agricultural sector
Author Year 
published
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on﻿ the﻿ average﻿ percentage﻿ change﻿ in﻿ volumes﻿ of﻿ inputs﻿ and﻿outputs﻿ for﻿ the﻿ 5-year﻿
period.﻿ The﻿mean﻿ output﻿ for﻿ both﻿ cash﻿ crops﻿ and﻿ cereals﻿ grew﻿ by﻿ 11.33%﻿ and﻿ by﻿

















Table 2. Descriptive statistics of the inputs and outputs used in the DEA linear programming model for the estimation 




















Mean 331 8364 9 70 378 57 8
St.﻿Deviation 467 13868 9 51 136 15 2
Minimum 23 960 0 5 203 20 3
Maximum 2204 67381 35 216 840 92 10
Average﻿%﻿change﻿in﻿
mean﻿per﻿year
1.1 0.4 7.7 5.9 3.8 11.3 2.6
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levels﻿ of﻿ rainfall﻿ and﻿ evapotranspiration﻿would﻿ increase﻿ demand﻿ for﻿ supplemental﻿
irrigation,﻿particularly﻿in﻿high﻿value﻿crops﻿such﻿as﻿potatoes﻿and﻿sugar﻿beet,﻿and﻿hence﻿
would﻿increase﻿the﻿demand﻿for﻿water﻿resources﻿in﻿an﻿already﻿over-abstracted﻿catchment.
Methods: The Malmquist Index of Total Factor Productivity
A﻿Malmquist﻿ Index﻿ (MI)﻿ of﻿ TFP﻿ is﻿ used﻿ to﻿measure﻿ changes﻿ in﻿ productivity﻿ for﻿
the﻿ period﻿ 2007-2011.﻿ Focusing﻿ only﻿ on﻿ technical﻿ efficiency﻿ estimates﻿ and﻿ their﻿












practice﻿ frontier)﻿ and﻿ efficiency﻿ change﻿ (the﻿ distance﻿ of﻿ farms﻿ from﻿ the﻿ frontier).﻿
Thus,﻿it﻿is﻿possible﻿to﻿identify﻿if﻿exogenous﻿factors﻿such﻿as﻿research﻿and﻿development﻿
or﻿weather﻿phenomena﻿have﻿an﻿ impact﻿on﻿ the﻿frontier﻿or﻿ if﻿ technical﻿changes﻿were﻿
followed﻿up﻿by﻿similar﻿or﻿not﻿efficiency﻿changes﻿(Piesse﻿&﻿Thirtle,﻿2010).﻿For﻿example,﻿









change,﻿ scale﻿ efficiency﻿ changes﻿ and﻿ a﻿ further﻿ decomposition﻿ of﻿ technical﻿ change﻿
proposed﻿by﻿Simar﻿and﻿Wilson﻿(1999).﻿The﻿MI﻿of﻿TFP﻿is﻿ further﻿decomposed﻿ into﻿
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on﻿ the﻿ estimation﻿ of﻿ distance﻿ functions.﻿ For﻿ the﻿ purposes﻿ of﻿ the﻿ analysis﻿ an﻿ input﻿
orientation﻿Malmquist﻿ index﻿ is﻿ adopted﻿ since﻿ farmers﻿ have﻿more﻿ control﻿ over﻿ the﻿
adjustment﻿ and﻿efficient﻿use﻿of﻿ inputs﻿ rather﻿ than﻿ the﻿expansion﻿of﻿output﻿ (Kelvin﻿
Balcombe,﻿Davidova,﻿&﻿Latruffe,﻿2008).﻿Specifically,﻿the﻿MI﻿between﻿period﻿ t ﻿and﻿
























indicate﻿ positive﻿ changes﻿ in﻿ TFP﻿while﻿ values﻿ of﻿ M
I
= 1 ﻿ indicate﻿ no﻿ change﻿ in﻿
productivity.
However,﻿since﻿the﻿choice﻿of﻿period﻿ t ﻿or﻿ t +1 ﻿as﻿the﻿base﻿year﻿is﻿arbitrary﻿(i.e.﻿
the﻿base﻿year﻿can﻿be﻿either﻿period﻿ t ﻿or﻿period﻿ t +1 ),﻿Färe﻿et﻿al.﻿(1992)﻿defined﻿the﻿
















































t t, +1 refers﻿to﻿the﻿MI﻿of﻿TFP﻿from﻿period﻿t﻿to﻿period﻿ t +1 ;﻿ x yt t,( ) ﻿is﻿the﻿farm﻿
input-output﻿ vector﻿ in﻿ the﻿ tth ﻿ period;﻿ D x y max x P
I
t t t t+ + +( ) = > ( )∈{ }1 1 10, :θ θ ﻿ is﻿ the﻿
input﻿distance﻿from﻿the﻿observation﻿in﻿the﻿t+1﻿period﻿to﻿the﻿technology﻿frontier﻿of﻿the﻿
tth ﻿period﻿with﻿P yt+( )1 the﻿input﻿set﻿at﻿the﻿ t +1 ﻿period﻿and﻿ θ ﻿is﻿a﻿scalar﻿equal﻿to﻿the﻿
efficiency﻿score.﻿The﻿indices﻿are﻿calculated﻿with﻿the﻿use﻿of﻿the﻿non-parametric﻿DEA﻿
method﻿ in﻿ order﻿ to﻿ construct﻿ a﻿ piecewise﻿ frontier﻿ that﻿ envelopes﻿ the﻿ data﻿ points﻿
(Charnes,﻿Cooper,﻿&﻿Rhodes,﻿1978).﻿The﻿ technology﻿assumption﻿made﻿ to﻿estimate﻿
the﻿MI﻿ of﻿ TFP﻿ is﻿ CRS.﻿ Otherwise,﻿ the﻿ presence﻿ of﻿ non-CRS﻿ does﻿ not﻿ accurately﻿
measure﻿productivity﻿change﻿(Grifell-Tatjé﻿&﻿Lovell,﻿1995).﻿The﻿main﻿advantage﻿of﻿
the﻿DEA﻿method﻿is﻿that﻿it﻿avoids﻿misspecification﻿errors﻿and﻿it﻿enables﻿the﻿investigation﻿




International Journal of Food and Beverage Manufacturing and Business Models

































































































International Journal of Food and Beverage Manufacturing and Business Models
Volume 3 • Issue 1 • January-June 2018
10





Changes in Productivity and Efficiency Over Time and Farm and its 




in﻿ productivity.﻿ In﻿ addition,﻿ the﻿ significance﻿ of﻿ these﻿ changes﻿ is﻿ reported﻿ for﻿ each﻿
farm﻿in﻿Table﻿31.
The﻿MI﻿ results﻿ in﻿Table﻿3﻿ show﻿ that﻿ farm﻿productivity﻿was﻿affected﻿ in﻿periods﻿
with﻿adverse﻿climatic﻿conditions﻿(2007-08﻿and﻿2010-11).﻿Only﻿farm﻿ID﻿6﻿improved﻿

























periods﻿ for﻿ both﻿medium﻿ and﻿ large﻿ farms﻿while﻿ for﻿ the﻿ period﻿ between﻿ 2010﻿ and﻿
2011﻿where﻿drought﻿conditions﻿were﻿prevailing﻿the﻿MI﻿is﻿less﻿than﻿unity,﻿identifying﻿
deterioration﻿ in﻿TFP﻿ for﻿ the﻿ two﻿ farm﻿ sizes.﻿The﻿ farm﻿ size﻿most﻿ affected﻿ from﻿ the﻿
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Table 3. Statistical significance of the MI of TFP per farm per period
Farm ID Malmquist total factor productivity index
2007-2008 2008-2009 2009-2010 2010-2011
1 0.796*** 1.186*** 1.249*** 0.898
2 0.695*** 1.547*** 0.880*** 1.069**
3 0.679*** 0.848*** 1.724*** 0.769***
4 0.867*** 1.205*** 0.893*** 0.994
5 0.834*** 1.608*** 1.546*** 0.599***
6 1.063*** 1.003 1.408*** 0.644***
7 0.801*** 1.096* 0.983 0.984
8 0.698*** 0.543*** 1.579* 0.764***
9 0.665*** 1.185*** 1.071*** 1.096***
10 0.819*** 2.242 0.497*** 0.819***
11 0.840*** 0.935*** 0.928*** 1.008
12 0.669*** 1.343*** 1.525*** 0.859***
13 0.791*** 1.235*** 0.915 0.696***
14 0.757*** 1.278*** 0.791*** 1.650***
15 0.733*** 1.416*** 0.924** 1.056**
16 0.796*** 1.362*** 0.630*** 1.156***
17 0.785*** 0.560*** 1.630** 1.174***
18 0.872*** 1.270*** 0.946 0.871***
19 0.856*** 0.664*** 1.547*** 0.669***
20 0.743*** 0.285*** 5.227** 0.934
21 0.631*** 1.091*** 1.121 1.035
22 0.691*** 1.048*** 1.117* 1.081***
23 0.871*** 1.193*** 1.044*** 1.111***
24 0.719*** 1.452*** 1.154*** 0.712***
25 0.618*** 1.446*** 1.062 0.958*
26 0.789*** 1.159*** 1.175*** 0.966
27 0.829*** 0.978 1.130** 0.961
28 0.939* 1.098*** 1.074*** 0.978
29 0.945*** 1.034*** 1.133*** 1.013
30 0.872*** 1.115** 0.959*** 1.124
31 0.919*** 0.938 1.142*** 1.007
32 0.930* 1.089* 0.973 0.935**
33 0.689*** 0.981 1.226*** 0.858***
34 0.560*** 1.322*** 0.976** 0.988
35 0.728*** 1.106** 1.116 0.985
36 0.809*** 1.279*** 1.104*** 1.035
37 0.946 0.920 1.530** 1.157***
38 0.761*** 1.444*** 0.953 1.202**
39 0.647*** 1.144*** 0.945 1.320
40 0.782*** 1.037* 1.212*** 0.779***
41 0.765*** 1.271*** 0.936*** 1.072***
* Significantly different from unity at 0.1 level,
** Significantly different from unity at 0.05 level
*** Significantly different from unity at 0.01 level
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The﻿MI﻿ consists﻿ of﻿ two﻿ components:﻿ a)﻿ Efficiency﻿ Change﻿ (e.g.﻿management﻿
change)﻿and﻿b)﻿Technical﻿change﻿(production﻿technology).﻿Detailed﻿presentations﻿of﻿
the﻿efficiency﻿and﻿technical﻿change﻿estimates﻿are﻿presented﻿in﻿Table﻿A.1﻿and﻿Table﻿









the﻿ technical﻿change﻿index﻿provides﻿a﻿representation﻿of﻿ the﻿shifts﻿ to﻿ the﻿frontier﻿of﻿
















Table 4. The MI of TFP per year and per farm size
Farm Size Malmquist Index1
2007/2008 2008/2009 2009/2010 2010/2011
Mean SD Mean SD Mean SD Mean SD
Large 0.78 0.12 1.16 0.37 1.11 0.32 0.95 0.23
Medium 0.78 0.07 1.14 0.19 1.02 0.19 0.97 0.15
Small 0.73 0.02 0.81 0.40 1.53 1.66 0.94 0.19
1Since the Malmquist index is multiplicative, these averages are also multiplicative (i.e. geometric means)
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productivity﻿was﻿mainly﻿ due﻿ to﻿ fall﻿ back﻿of﻿ the﻿ frontier﻿ rather﻿ than﻿ a﻿ reduction﻿ in﻿
technical﻿ efficiency﻿ of﻿ the﻿ farms.﻿ In﻿ other﻿ words,﻿ although﻿ farms﻿ have﻿ improved﻿
their﻿management﻿performance﻿in﻿order﻿to﻿shift﻿efficiency﻿upwards,﻿other﻿exogenous﻿
factors﻿such﻿as﻿extreme﻿weather﻿phenomena﻿(2007/2008﻿floods,﻿2010/2011﻿drought)﻿
Table 5. Geometric mean of MI components per farm and farm ranking with respect to MI






Ranking with respect 
to MI1
1 1.015 1.082 0.937 1.000 1.082 10
2 1.003 1.006 0.997 0.994 1.012 15
3 0.935 0.950 0.984 1.000 0.950 34
4 0.981 0.986 0.995 0.991 0.995 19
5 1.056 1.139 0.927 1.098 1.037 4
6 0.992 1.048 0.946 1.052 0.997 18
7 0.960 1.000 0.960 1.000 1.000 29
8 0.822 0.889 0.925 0.921 0.965 41
9 0.981 1.000 0.981 1.000 1.000 20
10 0.930 1.000 0.930 1.000 1.000 35
11 0.926 0.985 0.940 0.939 1.048 36
12 1.041 1.077 0.967 1.015 1.061 7
13 0.888 1.000 0.888 1.000 1.000 39
14 1.060 1.118 0.948 1.051 1.063 2
15 1.003 1.002 1.001 0.988 1.015 14
16 0.943 0.956 0.986 0.962 0.994 32
17 0.958 1.000 0.958 1.000 1.000 30
18 0.978 1.008 0.969 1.077 0.936 23
19 0.876 1.000 0.876 1.000 1.000 40
20 1.008 1.000 1.008 1.000 1.000 13
21 0.945 1.000 0.945 1.000 1.000 31
22 0.967 0.943 1.025 0.892 1.058 27
23 1.048 1.022 1.025 1.000 1.022 5
24 0.962 1.065 0.903 1.051 1.013 28
25 0.976 0.977 1.000 1.034 0.945 24
26 1.009 1.055 0.957 1.006 1.048 12
27 0.969 1.000 0.969 1.000 1.000 26
28 1.020 1.139 0.895 1.091 1.044 9
29 1.029 1.096 0.939 1.035 1.058 8
30 1.012 1.045 0.968 1.030 1.015 11
31 0.998 1.050 0.950 1.041 1.009 16
32 0.980 1.000 0.980 1.000 1.000 22
33 0.918 0.967 0.950 0.969 0.997 38
34 0.919 0.928 0.991 0.923 1.005 37
35 0.970 0.980 0.990 0.986 0.994 25
36 1.043 1.129 0.924 1.096 1.030 6
37 1.114 1.100 1.013 1.104 0.996 1
38 1.059 1.139 0.930 1.085 1.050 3
39 0.981 1.006 0.975 0.992 1.014 21
40 0.936 1.000 0.936 1.000 1.000 33
41 0.994 1.027 0.968 0.991 1.037 17
MI: Malmquist Index, Note: All indices are geometric means
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Table 6. Efficiency and technical change per farm size and per period

















Large 1.02 0.76 0.99 1.17 1.10 1.01 1.02 0.93
Medium 0.98 0.79 1.11 1.03 0.93 1.10 0.98 0.99
Small 1.00 0.73 1.01 0.81 1.05 1.46 1.02 0.93
International Journal of Food and Beverage Manufacturing and Business Models
Volume 3 • Issue 1 • January-June 2018
15
Table 7. Distribution of the efficiency change decomposition
Distribution 2007/2008 2008/2009 2009/2010 2010/2011
Pure Scale Pure Scale Pure Scale Pure Scale
<0.6 0 0 0 0 0 1 1 0
0.6≤ Eff <0.8 2 1 3 1 5 2 0 2
0.8≤ Eff <1 11 14 7 14 16 4 8 20
Eff=1 16 7 13 2 12 5 15 3
1< Eff <1.2 9 17 11 21 6 20 14 15
1.2≤ Eff <1.4 2 1 6 2 0 5 2 1
Eff>1.4 1 1 1 1 2 4 1 0
Improvement 29% 46% 44% 58.5% 19.5% 71% 41% 39%
Deterioration 32% 36.5% 24% 36.5% 51% 17% 22% 54%
Geometric Mean 1.04 1.02 1.01 1.02 1.03 1.01 1.05 0.98
Figure 1. Changes in efficiency change index and its components
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Table 8. Distribution of the technical change decomposition
Distribution 2007/2008 2008/2009 2009/2010 2010/2011
Pure Scale Pure Scale Pure Scale Pure Scale
<0.6 1 0 1 2 0 0 2 2
0.6≤ Eff <0.8 7 0 2 0 0 3 5 14
0.8≤ Eff <1 7 11 4 10 8 23 18 11
1< Eff <1.2 0 3 21 24 21 9 6 5
1.2≤ Eff <1.4 0 0 7 1 3 1 2 2
Eff>1.4 0 1 2 0 4 0 1 0
Not feasible to compute 26 26 4 4 5 5 7 7
Improvement 0% 10% 73% 61% 68% 63% 61% 25%
Deterioration 37% 27% 17% 29% 20% 24% 22% 17%
Geometric Mean 0.75 1.00 1.10 0.98 1.13 0.95 0.91 1.05
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that﻿ technical﻿change﻿ is﻿ the﻿ factor﻿with﻿ the﻿most﻿significant﻿ role﻿ in﻿ the﻿ increase﻿of﻿
efficiency﻿in﻿a﻿period﻿of﻿20﻿years﻿(1998-2002).﻿Furthermore,﻿in﻿a﻿more﻿recent﻿study﻿




improving﻿TFP﻿over﻿ the﻿ study﻿period﻿while﻿ the﻿ remainder﻿ of﻿ the﻿ sample﻿ has﻿ been﻿
fluctuating﻿ above﻿ and﻿ below﻿ unity,﻿ thus﻿ improving﻿ efficiency﻿ in﻿ some﻿ years﻿ and﻿
decreasing﻿in﻿others.
In﻿addition,﻿ scale﻿efficiency﻿change﻿ (Figure﻿2)﻿ for﻿ the﻿years﻿between﻿2008﻿and﻿










Figure 2. Changes in technical change index and its components
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The﻿ analysis﻿ of﻿ TFP﻿ of﻿ the﻿ GCFs﻿ in﻿ the﻿ EARBC,﻿ based﻿ on﻿ the﻿measurement﻿











Finally,﻿ the﻿ analysis﻿ of﻿ returns﻿ to﻿ scale﻿ and﻿ scale﻿ efficiency﻿ change﻿ allows﻿ the﻿
identification﻿of﻿farms﻿operating﻿closer﻿to﻿the﻿point﻿of﻿the﻿technically﻿optimal﻿scale﻿
as﻿well﻿as﻿the﻿identification﻿of﻿the﻿optimal﻿scale﻿for﻿farms﻿in﻿the﻿sample.﻿Furthermore,﻿
distinguishing﻿ between﻿ PTE﻿ and﻿ OTE﻿ permits﻿ the﻿ development﻿ of﻿ strategies﻿ for﻿
reducing﻿inputs﻿or﻿scale﻿adjustment﻿in﻿the﻿short﻿and﻿long﻿run﻿respectively.
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